The implementation of Outcome Based Education (OBE) by Engineering Accreditation Council (EAC) for all engineering programs at the Higher Learning Institutions (IPTA) in Malaysia is designed to ensure that the degree produced by the Malaysian IPTA is recognized by the Washington Accord (WA) and approved by the EAC. However in order to ensure that the graduates produced by IPTA can successfully compete and achieve world class performance, the OBE approach must always be monitored, assessed and measured. This paper describes a measurement model used to measure the students' performances in the Department of Civil and Structural Engineering, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia (UKM). The assessment model was developed based on students' mark entries together with Rasch Measurement Model; it can be used to measure the students' performances in term of course outcomes (COs) for the Civil Engineering Design II Course (KH 4253).This assessment was conducted to all 64 final year students in the Department of Civil and Structural Engineering (JKAS), Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia that have registered for the course in the second semester of session 2010/2011. Eight COs will be assessed based on the course mapping of PO and CO as reported in EAC self-assessment report. The CO assessment was measured based on students' performance in the written report of the design project, Bill of Quantities (BQ) report, presentation and also peer assessment. This study shows that Rasch Model can precisely classify and tabulate students' achievements; i.e. Person and Items on a Distribution Map (PIDM) according to their achievements. Comparative analysis against the conventional distribution marks shows that Rasch Measurement Model was found to give almost the same results on the students' achievement and reveals the true degree of learning abilities of the students even with a small number of sampling unit.
Introduction
The Outcome Based Education (OBE) learning process was implemented by Engineering Accreditation Council (EAC) to all engineering programme at the Higher Learning Institutions (IPTA) in Malaysia since 2004 with the purpose that the degree produced by Malaysian IPTA are recognized by the Washington Accord (WA) [Siti Aminah et al. 2011 b ]. Through OBE approach, the students' performance in carrying out tasks such as exam, quizzes, tutorial, group project, laboratory and presentation can be measured. The measurement and assessment in OBE must always be monitored and these can only be achieved if the mapping of Program Outcome (PO) and Course Outcome (CO) is well designed.
In OBE learning process, the POs of the programme must be formulated first by the faculty or department after considering the EAC guidelines as well as adopting some ABET criteria [Shahrir et al. 2008] . Then followed by the COs in which must also be formulated or designed according to the syllabus of the course offered in the faculty or department. Once the POs and COs have been identified the assessment and measurement can be carried out, hence the students' achievement on the expected knowledge with particular skills can be obtained at the end of the semester. However, it was quite difficult to measure the actual performance of each COs since there was no specific method or tool that can accurately measure it [Kamsuriah et al. 2011] . Therefore, modern measurement method as practiced using item response theory with a focus on Rasch measurement model was introduced as a new measurement model in measuring COs performance of each students [Kamsuriah et al. 2011] .
Rasch Model is a new measurement method that uses data from the students' assessment and transforms it into 'logit' scale thus transform the assessment outcome into a linear correlation with equal interval [Rozeha et al. 2007 ]. In Rasch, it produced a reliable repeatable measurement instrument instead of establishing the 'best fit line' [Azrilah et al. 2008] . The results were then evaluated whether it have been accurately assessed and later will be used by the lecturer as guidance in improving the teaching method [Rozeha et al. 2007 ]. The results from the Rasch analysis will provide the lecturers with a more accurate data on the student learning ability achievement as Rasch focuses on constructing the measurement instrument with accuracy rather than fitting the data to suit a measurement model with of errors [Azrilah et al. 2008] .
This paper presents the students' achievement on COs in Civil Engineering Design II (KH4253) course using Rasch Measurement Model. The outputs from this study can be used as guidance for the lecturers in monitoring the performance of each COs and simultaneously can also be used to improve teaching delivery method.
Methodology
This study was conducted to all 64 final year students of Semester 2 session 2010/2011in the Department of Civil & Structural Engineering, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia (UKM). Basically, the Civil Engineering Design course consists of 2 parts in which the first semester students are required to register for Engineering Design I course (KH4013) and in the second semester for Engineering Design II course (KH4253). Students were given the real design project in the first semester and they have to continue with the same project in the second semester. However in this paper, the students' achievement on COs for the course KH 4253 in the second semester are only presented and discussed here.
The students' achievement on related COs were measured using four type of assessment tools i.e; design project, BQ report, presentation and peer assessment. There was no written exam in the course as the whole course only focused in the group project. Each assessment tool has been outlined with specific course outcomes (CO) and program outcomes (PO) that need to be measured. These Cos were linked to each POs using course mapping as shown in Table 1 . From the course mapping, there are eight COs that have been identified and need to be assessed. At the end of semester, students are required to submit the group project report with drawing and BQ report. The group presentation will be carried out and will be evaluated by the panel consisting of lecturers and professional engineers who have been specially invited to evaluate the students. Students were assessed individually and in group. Besides that, students were also need to evaluate their team members (peer assessment) based on their contribution in completing the project. In this study, the raw marks for each CO from all four assessment tool were compiled and tabulated as shown in Table 2 . Students were sorted according to their gender and coded as Xnn where X referring to student's gender; M for Male and F for Female followed by the number of students. Then the raw marks were transformed into logit to attain uni-dimensionality measurement using linear interval scale of rating scale which similar to the typical order rank A-E known as Grade Rating (info). The rated raw mark were then tabulated in Excel*prn format for further evaluation using Rasch software, Winstep. In this format, grade rating was used as the input instead of student mark percentage. Then, the analysis outputs obtained from the Winstep were analyzed to determine the achievement for each given CO. CO4  CO5  CO6  CO7  CO8  M01  85  92  93  92  93  100  95  100   F02  72  78  80  77  80  94  80  100  M03  75  77  75  80  80  100  0  100  M04  82  87  87  87  92  100  75  100  F05  75  72  67  75  87  100  75  100  F06  83  75  83  75  82  98  70  100  M07  83  77  72  85  83  100  75  100  M08  73  77  70  77  73  100  90  100  M09  70  73  73  77  60  100  70  100  . . (M10 -F61) .
Results and Discussion
From the analysis of Rasch Model in Winsteps, the Person-Item Distribution Map (PIDM) is established where the output from the analysis is presented as shown in Figure 1 . The map details out the exact position of each student in relation to the respective COs. Rasch Model tabulates the persons; i.e. student on the right side and the item; the course outcomes (CO) are plotted on the left side of the map in the same logit scale in line with the Latent Trait Theory which gives a precise overview on the student's achievement of each COs c ]. This will give a clearer view of students' ability towards items difficulty.
In PIDM, item means, Mean item serves as a threshold and it is set to zero on the logit scale. The higher the location of item from the Mean item the more difficult the item compared to an item on a lower location. Same goes to person distribution where the excellent students were located at top of the map while the poor students were located at the bottom of the map. Therefore, the level of a person's ability can be identified from PIDM by looking at the separation between the person and item on the map. The bigger the separation, the more able a person is likely to achieve the item [Rozeha et al. 2007 ].
Figure 1 Person-Item Distribution Map
The PIDM reveals that CO3, CO4 and CO7 are the most difficult items for student to achieve while the easiest items are CO6 and CO8. There is a large separation between easy and difficult item which is shown by a huge gap between CO5 and the lowest for CO6 and CO8. This shows the level of difficulty of the item that students had to deal with during project completion. The end of very difficult item also has a hollow area that needs to be patched up to close the gap so that students' performance level can be divided equally. The findings on the students' achievement of all COs and the level of difficulty of the COs are exactly matched with the results reported by a ] through the conventional method. Comparative analysis on the percentage of students' achievement in each CO also has similar pattern when compared with that of conventional method where the highest percentage was for CO6 and CO8 whilst the lowest percentage was for CO7. Figure 1 shows that the Person mean value, Mean person for this analysis is 3.02 which is highly above the threshold value, Mean item = 0. Besides that, totally 53 students (82.8%) were found to be above the Mean item and the highest person managed to score 9.09 logit. These indicate that the overall student's performance is over the expected performance and students have a good knowledge on the expected COs. These students were able to achieve all the measured COs and this shows that the students have exceeded the level of difficulties for each CO.
The achievement of the students shows that they have obtained and managed to solve the given project and almost all of the students have performed well in this course. In contrast, only 11 students (17.2%) were located below the Mean item and have some difficulty in achieving all COs except for CO5, CO6 and CO8 which are among the easiest item. There are five students with the lowest ability since they only capable on the easiest item (CO6 and CO8) and have the lowest score (-1.89 logit). These students clearly have difficulties in completing the project and understanding this course. Specific corrective action must be carried out to these students in order to improve the achievement of this course. From PIDM also shows that MO1 is the best student in the course since he is located at the top of the figure with the highest scores (9.09 logit) and has the highest ability compared to other students. On the other hand, M46 and M58 are the poorest student for this course since they are located at the bottom of the map and have the lowest score (-1.89 logit). Table 3 shows the summary statistic for person and item category for the course. According to the table, the value of Cronbach-α = 0.66 which is slightly higher than the acceptable level 0.6. This validate that the model is acceptable. From the analysis also it is found that Person Reliability is 0.57 and Item Reliability is 0.00 which is rather low. Thus, both person and item category will need further inspection. The value for students' separation also is rather low which is 1.16 and this is not enough to separate them into different performance level. Table 3 shows that the maximum item value, CO7 is at +0.25 logit and the minimum item value, CO6 and CO8 is at -10.86 logit. The difference between logit max and logit min is δ =11.11. This indicates that the Item difficulty of the items spread over 11.11 logit unit (evaluate).
Further analysis on the COs (content) validity can also be carried out through Point Measure Correlation (PMC) as shown in Table 4 . In Rasch analysis, item value is considered as misfit only when all three controls (Point Measure, MNSQ and ZSTD) for respective COs were not in the range. From the table, the Point Measure value for CO6 and CO8 = 0.0<0.4. Therefore, it needs further checking since the acceptable value for the Point Measure shall be in between 0.4<x<0.8. This must probably means that the respondent is behaving the opposite way and furthermore the measurement made in these COs was from peer assessment. Usually the trend in giving marks for peer assessment always results with the highest score and these sometimes cannot represent the actual data. Next, is to verify the respondent by looking at the Outfit Mean Square (MNSQ) = y-value where the value must be in the range of 0.5<y<1.5 or else, it will be difficult to obtain accurate result. From the table, it shows that CO7, CO3, CO4, CO1 and CO2 are having MNSQ not in the fit range. The final check would be on the Outfit z-standard (ZSTD) and the value must also be within the range of -2<z<2 or further check were needed. From the analysis, only CO3 and CO2 having ZSTD values outside the fit range. Since, none of the COs have the values out of fit range for all three controls item mentioned above, then all COs are considered in fit range thus the review is not required. 
Conclusion
This study proved that the students' course outcome in Engineering Design II course (KH4253) can be measured using Rasch Measurement Model and the findings also have similar patterns with the conventional method. From the Rasch analysis, students were classified according to their achievement on each CO in which reflect their learning ability in this course. Rasch Model has the ability to produce the association pattern between students and the performance level for each CO which cannot be produced using standard measurement method [Saifudin et al. 2010] . This makes Rasch Model as a better assessment model for measuring COs performance. The outputs from Rasch analysis can be used as guidance for the lecturer in monitoring students' performance for each CO in which COs reflect the effectiveness of the teaching and learning plan for any course [Shahrir et al. 2008] . From this results it shows that why Rasch Model is used as an instrument for the implementation of quality-focused performance measurement system in IPTA due to its abilities to analyze students achievement more accurately thus making evaluation clearer to read and easier to understand [Saifudin et al. 2010 ].
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